Background/Aim: The present study explores associations between hemoglobin (Hb) levels and patients with cardiac enlargement in end-stage kidney disease (ESKD) to help prevent cardiac remodeling during the predialysis phase of chronic kidney disease (CKD). Methods: This cross-sectional study included 2,249 patients with ESKD (age, 67 ± 13 years; male, 67%; diabetic kidney disease, 41%) who started hemodialysis (HD) between January 2006 and October 2013 at eight participating hospitals. We examined associations between Hb levels immediately before the first HD session and cardiothoracic ratios (CTRs). Clinical factors associated with the CTR were also assessed. Results: The mean Hb level was 8.7 ± 1.6 g/dl, and the mean and median CTRs were 55.0 and 54.7%, respectively. The correlation between the Hb level and the CTR was linear and negative (r = -0.129, p < 0.001). The mean CTR and the prevalence of patients with a CTR >50% obviously decreased with increasing Hb levels (both p < . Univariate logistic regression analysis revealed an approximately 20% reduction in the odds ratio for complicating CTRs >50% per 1 g/dl increase in Hb. Hb levels of <9 g/dl were significantly associated with CTRs >50%. Numerical and categorical Hb remained significantly associated with CTRs >50% after adjusting for confounding variables. Conclusions: Lower Hb levels participate in progressive CTR enlargement in patients with ESKD, and maintaining Hb levels of >9 g/dl might help prevent cardiac remodeling during the predialysis phase of CKD.
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Introduction
Anemia plays a crucial role in the promotion of cardiac remodeling and thus in the onset of cardiac events in patients with chronic kidney disease (CKD) [1, 2] . However, more patients in the advanced stages of CKD develop anemia despite treatment with erythropoiesis-stimulating agents (ESA) [3] . Indeed, data from our previous multicenter study of Japanese patients on dialysis revealed that the mean hemoglobin (Hb) level at the start of dialysis was 8.5 g/dl [4] , which is lower than the target level recommended by current international guidelines [5] [6] [7] . The incidence of cardiac events such as congestive heart failure and myocardial ischemia increases close to the time of starting dialysis [8, 9] . We speculated that progressive anemia plays some part in the occurrence of cardiac remodeling and cardiac events in the advanced stages of CKD.
Cardiac enlargement is associated with adverse outcomes in patients with heart disease [10, 11] . The size of the heart can be estimated from chest X-rays as a proportion of the thoracic diameter, namely, the cardiothoracic ratio (CTR) [12] . Most chronic congestive heart failures due to acquired left ventricular (LV) systolic dysfunction are associated with chamber dilation [13] . The CTR negatively correlates with cardiac systolic dysfunction in patients with congestive heart failure [14] . A CTR >50% is associated with a poorer prognosis in communitydwelling elderly populations aged nearly 80 years [15] as well as in patients with congestive heart failure [16] and in those on dialysis [17, 18] . Therefore, CTR would be an easier way to determine the status of cardiac remodeling. However, there is little evidence to evaluate the association of the Hb level with the CTR in the predialytic phase of advanced CKD patients.
We postulated that lower Hb values would complicate cardiac enlargement, which indicates cardiac remodeling in patients with end-stage kidney disease (ESKD). The present study investigates associations between Hb levels and CTRs at the start of maintenance dialysis in a large multicenter cohort of Japanese patients with ESKD. The results of this study could help physicians to manage renal anemia in order to prevent cardiac remodeling during the predialysis phase of CKD.
Patients and Methods

Study Design and Patients
We conducted a cross-sectional study of information obtained from the database of the Japanese Study Group for Assessing Initiation of Renal Replacement Therapy (J-START), which includes the nephrology units at eight teaching hospitals in Japan. The objective of the J-START was to create a shared database of patients with ESKD at the time of starting renal replacement therapy for clinical research purposes. Between January 2006 and October 2013, 2,477 patients with ESKD started chronic dialysis at the eight hospitals. Clinical information about these patients was added to the J-START database. We excluded those with ESKD who had no Hb or CTR data. We therefore analyzed data from 2,249 patients with ESKD ( fig. 1 ). Levels of Hb were measured immediately before the patients started their first hemodialysis (HD) session. Clinical factors asso-
Reasons for Starting Dialysis
The J-START database includes information about the clinical reasons involved in deciding whether or not a patient should start a chronic dialysis therapy. 'Volume overload' means that patients with ESKD started dialysis due to excessive fluid retention such as lung congestion and/or massive edema. 'Planned' means that patients with ESKD and no critical sign of uremia started a schedule of dialysis based on discussions with their physicians.
Cardiothoracic Ratio
Standard chest radiography was performed on the day of the first HD session. The CTR was determined by dividing the maximal horizontal width of the heart by the horizontal inner width of the rib cage. To ensure accurate measurement, a vertical line was drawn on the radiograph through the midpoint of the spine from the sternum to the diaphragm. The maximum transverse diameter of the heart was determined by adding the widest distance of the right and left heart borders from and to the midline, respectively. This value was then divided by the maximum transverse diameter of the thorax. Patients with ESKD and cardiac enlargement were defined as having a CTR >50% in this study.
Statistical Analysis
Data are expressed as means ± SD or medians with interquartile ranges. Patient characteristics were compared across Hb levels using the χ 2 test for categorical variables, analysis of variance for normally distributed variables, and the Kruskal-Wallis tests for nonnormally distributed variables. Trends that were in parallel with Hb concentrations were analyzed using the Jonckheere-Terpstra trend test as appropriate. Associations between various factors and the CTR or CTRs >50% were assessed using Pearson's regression analysis and logistic regression analysis. Dummy variables were used for gender (0 = female; 1 = male), primary renal diseases (0 = no; 1 = yes), and medication (0 = no; 1 = yes). Independent determinants of CTRs >50% were identified using multivariate regression analysis. A p value <0.05 was considered to indicate statistically significant differences in all tests. All data were statistically analyzed using SPSS for Windows version 20 (IBM, Armonk, N.Y., USA).
Results
Patient Characteristics
The mean age of the patient cohort was 67 ± 13 years. The ratios of males (67%) and of patients with diabetic kidney disease (41%) were similar to those reported for the entire Japanese population at the start of the dialysis [20] . The mean serum creatinine and eGFR at the start of the renal replacement therapy were 9.3 ± 3.5 mg/dl and 4.7 ± 2.6 ml/min/ 1.73 m 2 , respectively, being similar to the levels for the entire Japanese dialysis population [20] . Therefore, our cohort seemed representative of Japanese patients on dialysis in general. The mean Hb level was 8.7 ± 1.6 g/dl. The histogram in figure 2 shows that the distribution of the CTR was nearly normal. The mean and median CTRs were 55.0 and 54.7%, respectively, and 77% of our patients had an enlarged heart (CTR >50%). Table 1 shows other clinical characteristics of the patients. Figure 3 shows a weak, but significant linear and negative correlation between the Hb level and CTR (r = -0.129, p < 0.001) in the patients. Table 1 displays the clinical characteristics of the patients stratified according to their Hb level. The mean CTR and the rate of patients with a CTR >50% obviously decreased with increasing Hb levels (p < 0.001 for both Figures are means ± SD unless indicated otherwise. CCB = Calcium channel blockers; DBP = diastolic BP; intact PTH = intact parathyroid hormone; RAS-I = renin-angiotensin system inhibitor; SBP = systolic BP; TSAT = transferrin saturation; VDRA = vitamin D receptor activator. trends). The trends for serum albumin and eGFR significantly increased, whereas that of volume overload significantly decreased with increasing Hb levels (p < 0.001 for all three trends). The presence of cardiovascular disease slightly increased in parallel with increasing Hb levels, but the significance was near borderline (p = 0.047 for trend).
Correlation between the Hb Level and CTR and Other Clinical Characteristics of Patients with ESKD
Odds for Complicating CTRs >50%
Factors associated with CTRs >50% were assessed using univariate logistic regression analysis. Table 2 shows a significant negative association between the Hb level and CTRs >50%. The odds ratio (OR) for complicating CTRs >50% was reduced by about 20% per 1 g/ dl increase in Hb. Categorical assessment showed that lower Hb was associated with higher odds for complicating CTRs >50%, and an Hb level of <9 g/dl was significantly associated with CTRs >50%. Significant associations were similarly inverse between CTRs >50% and serum albumin as well as creatinine. The use of ESA, which is the most popular medicine for renal anemia, and the use of renin-angiotensin system inhibitor, which is one of the potential medicines for preventing cardiac remodeling, had a negative association with CTRs >50%. Cardiovascular disease and volume overload were closely associated with CTRs >50% as we expected. Table 3 shows six models of multivariate logistic regression analysis. Numerical and categorical Hb values were significantly associated with CTRs >50% after adjusting for age, sex, BMI, diabetic kidney disease, and duration of nephrologist care in model 1. Similar to the results of the univariate analysis, an approximately 20% reduction in the OR per 1 g/dl increase in Hb and a higher OR for an Hb level of <9 g/dl remained statistically significant after adjustment. Hb levels were independently associated with CTRs >50% after adjusting for systolic BP, renin-angiotensin system inhibitor, calcium channel blockers, diuretics, previous cardiovascular disease, and volume overload in model 2, for serum data, albumin, eGFR, and C-reactive protein in model 3, for ESA, iron agent, Fe, transferrin saturation, and ferritin in model 4, for vitamin D receptor activator, serum calcium, phosphate, and intact parathyroid hormone in model 5, and for all factors included in models 1-5 in model 6. 
Hb Is Independently Associated with CTRs >50%
Discussion
Main Findings
The important findings of this multicenter study were as follows: the Hb level at the start of dialysis was closely associated with the CTR, which is a surrogate marker of cardiac enlargement; this association was independent of heart disease, volume overload, serum albumin level or renal function, all of which are potentially connected with an enlarged heart, and the association between an Hb level of <9.0 g/dl and CTRs >50% was closer. These findings suggest that renal anemia plays a role in promoting cardiac hypertrophy. Thus, maintaining Hb at a level of >9.0 g/ dl during the predialysis phase of CKD could be a possibility to prevent CTRs >50%. 
Assessment of the Impact of Hb on CTRs >50%
Hb plays an important role in delivering oxygen to all organs and peripheral tissues. The initial hemodynamic response to anemia is a decrease in vascular resistance [21] , which causes a slight reduction in systemic BP. This response leads to a secondary compensation phenomenon to increase sympathetic activity [22, 23] , which induces peripheral vasoconstriction, resulting in a reduction in renal blood flow and glomerular filtration rate, as well as salt and water retention with subsequent expansion of the extracellular plasma volume that is associated with an increase in cardiac output [24] . A higher cardiac workload increases the LV mass and remodels it with more myocardial fibrosis deposition that consequently leads to cardiac events [25] . Therefore, chronic renal anemia is closely associated with the progression of cardiac remodeling. Previous studies have associated Hb levels with the LV mass index [26] and found that correcting anemia improves the LV mass index in patients with CKD [27] . Considering the cardiac remodeling process due to anemia described above, increasing the extracellular plasma volume is one of the initial triggers of progression of cardiac remodeling. Therefore, eccentric hypertrophy, which is remodeling for adaptation to volume overload, occurs in the heart of patients with chronic anemia. The CTR is the simplest way to evaluate cardiac enlargement, which is one of the manifestations of eccentric cardiac hypertrophy. Thus, our main finding of a negative association between the CTR and the Hb level is relevant to these processes.
Evaluation for Cardiac Remodeling
An echocardiogram is the gold standard used to precisely analyze the degree of cardiac remodeling and to distinguish the type of cardiac remodeling, i.e. concentric or eccentric. Unfortunately, we do not have any echocardiogram data of our subjects. However, we feel that we have enough material to explore the association of the Hb level with the CTR. To our knowledge, there is no article on the influence of anemia on the CTR in nondialyzed ESKD patients. A recent report has shown that the Hb level is inversely associated with the CTR independent of confoundable variables in chronic peritoneal dialysis patients [18] . Our study has confirmed the same finding at the initiation of the dialysis, which may result from the management of anemia in the predialytic phase of the CKD course.
An echocardiogram is not used easily and routinely in the 'real-world' clinical setting in this field, especially in small clinics. A Japanese guideline for cardiovascular disease has recommended chest X-ray (CTR) as a first-line evaluation of cardiac disease in ESKD patients [28] . Therefore, evaluating the CTR as a marker of cardiac remodeling in ESKD patients is essential for first-line screening.
Hb Levels <9.0 g/dl and CTRs >50%
The OR for a complicating CTR >50% was higher in patients with lower Hb values. Foley et al. [2] showed that the LV volume index determined by echocardiography, a marker of cardiac enlargement, closely correlated with Hb levels in patients on HD. A fall in the Hb level of 1 g/dl was associated with an increase in the volume index of 8 ml/m 2 , which is supported by our finding that higher odds of a CTR >50% are associated with lower Hb levels. Akaishi et al. [29] evaluated the effects of anemia management with ESA in patients with CKD. They found that Hb levels after 32 weeks significantly correlated with changes in LV diastolic diameter; i.e. changes in LV diastolic diameter increased as Hb levels decreased. They also found a significant increase in LV diastolic diameter in CKD patients with an achieved Hb level of <10 g/dl after 32 weeks of ESA management. Our finding of a significant association between an Hb level of <9 g/dl and CTR >50% supports their results.
Implication of the CTR in Patients with ESKD
The mean and median CTRs in the present study were about 55%, which is similar to that found in a previous study of patients on HD [30] . On the other hand, about 75% of our patients had a CTR >50%, which was higher than the 42% [17] , 59% [31] and 67% [30] previously described, although the prevalence of cardiovascular disease was about 20% in the present and previous studies. We used a database that was created from information obtained when patients with ESKD started renal replacement therapy. Indeed, about 40% of our patients had volume overload. This could explain why the prevalence of CTR >50% was higher in our patients with ESKD than in previous studies.
If a higher CTR indicates cardiac remodeling even in patients with ESKD, then the CTR could be a predictor of mortality in such patients. Recent studies have shown that the CTR has a considerable impact on predicting mortality in patients on HD [17, 31] . Therefore, these findings imply that an appropriate management of renal anemia would improve the prognosis of patients with ESKD on dialysis by preventing or retarding the progression of cardiac remodeling.
Hb Level at the Initiation of Dialysis
The Japanese guidelines for renal anemia in CKD recommend that ESA therapy in nondialysis CKD patients should target an Hb level of 11 g/dl or higher [7] , which is a similar Hb level to those of Western countries [6, 32] . About 60% of ESKD patients in our subject cohort showed an Hb level of <9.0 g/dl at the initiation of dialysis, which is far from the guideline target. However, this is not quite an unusual phenomenon in the real-world clinical setting. For instance, even among CKD patients who receive an ESA therapy, a higher percentage of anemia with Hb levels of <11 g/dl is observed in Japanese patients in the more advanced stages of CKD [3] . Also, recent data from a multicenter cohort study of 2,434 Japanese CKD patients revealed that the mean Hb level at the initiation of dialysis was 8.3 g/dl [33] . Moreover, in the United States, about 75% of ESKD patients showed an Hb concentration of <11 g/dl at the initiation of the dialysis [34] . These results may imply that an unachievable Hb target in the advanced stage of CKD and/or at the initiation of dialysis accelerates cardiac remodeling.
Hb levels in our study were measured by using the samples obtained immediately before the first dialysis session. Low responsiveness of ESA therapy is often seen just before the initiation of dialysis [33] . The accumulation of factors associated with the low responsiveness of ESA therapy, such as severe secondary hyperparathyroidism, inflammation, and cumulative uremic toxins among others, is considered to be the cause of it. Treatment with ESA might not sufficiently correct anemia in patients with severely reduced renal function. The relatively low maximum dose of erythropoietin approved in Japan (6,000 IU/week) may further limit the improvement in the Hb level.
Limitations
The cross-sectional design of the present study imposed the major limitation that a causal effect of Hb levels and CTRs >50% could not be confirmed. Our database did not provide any information about longitudinal Hb levels during the predialysis phase of CKD. Moreover, volume overload might decrease Hb levels via hemodilution. We minimized such bias by including previous cardiovascular disease and volume overload, which have a significant and positive impact on a complicating enlarged heart in multivariate analyses. The association of the Hb level with CTR >50% remained statistically significant after adjusting for these markers. Another limitation of the present study is that CTR does not always mean cardiac enlargement. For instance, significant pericardial effusion that occasionally arises in patients with ESKD at the start of dialysis causes a higher CTR. Therefore, we included factors associated with pericardial effusion, namely, volume overload, diabetes mellitus, serum albumin level, and the inflammation marker C-reactive protein, in a multivariate analysis. The association between the Hb level and CTR >50% remained statistically significant after adjusting for these markers. Although echocardiographic measurements could minimize such bias, we unfortunately did not have any echocardiographic data of our subjects. Therefore, we could not distinguish precisely between concentric and eccentric forms of LV hypertrophy, or other factors that caused a CTR >50%. Also, it is not clear whether or not the significant association of Hb levels with CTR remains after adjusting for echocardiographic parameters. Finally, we did not assess the intra-or interobserver variability for the measurement of CTR. It is undeniable that this could have biased our findings.
